SUMlKARY: In sheep fed on a partielly-*dehed' diet the dietary protein waa broken dawn in the rumen very rapidly after &ding. In d o r m i t y with this, the proteolytic activity of the rumen d c r o -o q p h n s was ralatively constant and cornparativdy high even before feediag. The number of proteolytic bacteria which were c d t d firom the rumen was relatively low at all times, although it inereatmi after feeding. . The conversion::of casein into microbial proteins in the rumen. Biochem. J. 67, 400. Mom, R. J. & WILLIAMS, V. J. (1950). The effect of level of nitrogen intake upon the total numbers of free microorganisms in the rumen. Aust. J. Sci. Res.
In the two previous papers (Blackburn & Hobson, 1960a , b) the bacterial fractions of rumen contents were shown to possess proteolytic activity, but only a few proteolytic types of bacteria were isolated and these occurred in compazatively small numbers, usually not more than about iO'/d. rumen contents. Appleby (1955) also isolated proteo&tic bacteria in about the same numbers fn>m sheep. Since the total number of rumen bacteria is a t least lO@/ml. (see, for instance, Table 1 (Blackburn &' Hobson, 1900b) , and counts by Moir & Williams (1950) from sheep on diets in which the protein intake varied and up to &O yo was supplied as casein) the proteolytic bacteria isolated accounted for only about 1% of this total. It seemed from the previous results that not all the proteolytic bacteria were being isolated, but the numbers of such bacteria might also v a q during the day. A source of non-protein nitrogen is necessary for the growth of carbohydrate-fermenting rumen bacteria, only a comparatively few of which are proteolytic, and this nitrogen can usually only come from the breakdown of foodstuff protein, suggesting that proteolytic activity must be high even before feeding, or must develop rapidly after this, to ensure the rapid hydrolysis of ingested protein. Since a t the time of these experiments there was little data available on the breakdown of food protein and the redistribution of protein nitrogen, or the variation in proteolytic activity and number of proteolytic bacteria during a feeding cycle, it seemed of interest to extend the previous observations to cover these points and to provide further data on which to base the isolation of proteolytic bacteria. In order to be able to determine the redistribution of nitrogen i t seemed preferable to feed a partially-'defined' diet in which the protein could be supplied in a known form. To investigate the effect of different forms of protein this was supplied in the diet as casein in a 'soluble', a heat-treated 'insoluble', and a dissolved form. T w o sheep were used in the experiments and each diet was fed to both sheep for a period before any measurements were made. The measurements were repeated on each animal to ensure that reproducible results were obtained. Nitrogen balance experiments during the feeding of two of the rations showed that they were adequate and that the Proteolysis in the *ep T U W 291 animals behaved in a n o d manner. The results of all the experiments will be reported in detail elsewhere. In this paper the results of counts of the proteolytic bacteria and the measurements of proteolytic activity on the three diets, and the redistribution of nitrogen on the diet containing the 'soluble' casein will be given.
METHODS

Rasiora9
. The sheep were fed at 9 a.m. and 4 p.m. on chopped wheat straw, 800 g.; mix a, 175 g.; molasses, 10 g.; damped with water, 600 ml., and well mixed. Drinking water was allowed only during the night. Mix a consisted of Glaxo C casein (Glaxo Laboratories Ltd., Greenford, Middlesex), 60 g.; potato starch, 75 g.; sucrwe, 25 g.; salts mixture, 15 g.; Adisco vitamin supplement (Isaac Spencer Ltd., Aberdeen), 88 mg. The salts mixture was that used by McDonald & Hall (1967) . After an initial period the sheep ate this feed in about 10 min. The other diets were similar, but the casein used was heattreated ' insoluble ' casein (Chalrners, Cuthbertson & Synge, 1954), or the Glaxo casein dissolved as below and added as a sdution in place of the water.
Sumpling. Samples were taken through a permanent rumen cannula from as many different parts of the rumen as possible, a total of lOOml. being obtained at one sampling* Preliminary experiments showed that reproducible results could be obtained by taking daily sampld at a period after feeding which increased by 1 hr. each day. Each sample was strained through two layers of gauze to remove the larger debris, mainly straw; this debris was washed once in saline to remove adhering micro-organisms as far as possible.
Portions of the first strained liquid, Fl, were used for viable counts of bacteria, determinations of proteolytic activity and measurement of ammonia. Further portions were mixed with the washings and used for preparations of protozoal and bacterial fractions (by centrifuging at l l 4 g and 19,OOOg and washing) and determination of protein nitrogen (precipitated by 0.86 N-trkhlorace~ic acid (TCA)) and non-protein nitrogen.
Vkbb cow&? of pdeolgtic bacteria. Since of the media tested previously (Blackburn & Hobson, 1960b) that containing rumen fluid appeared to support the most mixed bacterial population a similar medium was used in these experiments. It contained solution a, 15 ml.; solution b, 15 ml.; Difco yeast extract, 0 . 1 g.; 2 % (w/v) Eastman casein, 25 ml.; rumen fluid, 20 ml.; water, 16.4 ml. ; 011 % (w/v) resazurin, 0.1 ml. Rumen fluid was taken from a hay and concentrates fed sheep 8 hr. after feeding the hay and 7 hr. after feeding concentrates and clarified by centrihging at 20,OOOg. After autoclavhg (120°, 15 min.) the medium was gassed with sterile oxygen-free CO, and solution c, 8.8 ml., and filtered glucose solution, 0.25 ml. (0.1 g.) added. The medium was dispensed in 9 ml. amounts under CO,. Dilutions of rumen fluid Fl were made, less than 1 hr. after sampling, directly in the medium under COB and incubated for 4 days at 8 7 ' . Solutions a, b, and c were described in Blackburn & Hobson, 1960b. After incubation a sample from each culture was examined by Gram staining, and to a further sample (1 ml.) was added 0-72w-trichloroacetic acid (TCA), 2 ml. The degree of turbidity produced was 
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then visually recorded on a scale which was graded as follows : + + + + , clear (i.e. complete proteolysis); + + + , clear with slight opacity; + + , definite opacity bordering on flocculation; +, flocculation; -, precipitation. An opacity graded + + was taken as the limiting value for indicating proteolysis.
The bacteria which grew were classed into ten morphological types.
Proteolytic activity. Digests were as follows: strained rumen fluid F,, 1 ml.; 2 yo (w/v) Eastman casein solution, 5 ml.; 0.1 M-phosphate buffer (pH 6.6), 8 ml.; 0.6 Yo (w/v) L-cysteine hydrochloride, 1 ml. After incubation under toluene a t 87' for 24 hr. portions (1 ml.) were removed and the remaining protein precipitated by addition of 0-72 N-TCA, 9 ml. The amount of ' tyrosine ' in the supernatant was then determined by Folin reagent, after the oxidation procedure mentioned in Blackburn & Hobson (1960a) , and the precipitated casein was dissolved in O.lN-NaOH, 2 ml., and determined by biuret reagent.
Control digests contained, 1, water, in place of casein; 2, water in place of rumen fluid.
Reagents. Solutions of Eastman casein (Kodak Ltd., Heme1 Hempstead, Herts) were made by dissolving in dilute alkali, precipitating a t pH4.6, washing, redissolving in dilute alkali and adjusting to pH 6.8 (McDonald & Gibbons, 1955) . The solution was then adjusted to a protein concentration of 2 % (w/v) on a basis of nitrogen x 6.25. The solution was kept at 4" for not longer than 2 weeks, or freeze-dried and redissolved as needed.
RESULTS
Representative results from one experiment showing the changes in concentration of the different nitrogenous materials in the rumen after feeding the diet containing 'soluble' casein are shown in Fig. 1. Figure 2 shows the proteolytic activity a t different times after feeding the three diets, as measured by the ' biuret ' method. The activity measured by the Folin reagent method showed similar fluctuations with time. The highest dilutions of rumen contents a t which growth of bacteria led to proteolysis in the cultures are also shown in Fig. 2 It is evident that there was a rapid breakdown of soluble or easily attacked foodstuff protein almost immediately after feeding, as shown by the rapid increase in non-protein nitrogen. The maximum amount of non-protein nitrogen extractable from the feed in a buffer resembling saliva in mineral content and pH was approximately equivalent to 8 yg. atoms N/ml. in the rumen. Under the same conditions 27.1 yo of the food protein was soluble. The breakdown of protein was followed by deamination and formation of ammonia and increase in microbial protein. Moore & King (1958) found a similar rapid increase and diminution in the soluble non-protein nitrogen in the bovine rumen. The results of the determinations of proteolytic activity show that although there was some increase in activity after feeding, the rapid breakdown of foodstuff protein was due more to there being a relatively constant --Time after feeding ( 4 )(hr.) a L -Time after feeding ( 4 )(hr.) Fig. 1  Fig. 2   Fig. 1 proteolytic activity in the rumen, rather than to a sudden increase in enzyme activity. A fair proportion of this activity was probably due to the protoma, and the protozoa may be more active in hydrolysis of particulate protein than the bacteria (Blackbun & Hobson (1960a) . An increased contribution from Blackbum a d P. N . Hobson the protozoa or the large bacteria, which were not cultured, may explain the rather higher proteolytic activity found on the 'soluble' casein diet, as compared with the counts of proteolytic bacteria.
The bacterial population in the rumens of the sheep on the synthetic diets was similar to that of sheep on other concentrate-type diets and the results obtained here could be taken as representative of general rumen function. The medium used for viable counts was designed to culture as many types of rumen bacteria as possible, and in general a mixed population did grow ( Table 1 ; the results of one experiment). The number of proteolytic bacteria present were generally higher on the diet containing dissolved casein, but in all cases the numbers were fairly constant, and comparatively low, suggesting that in previouS experiments, although the types of bacteria isolated were limited, they did bear a reasonable relationship to the total numbers of proteolytic small bacteria. However, as mentioned before, some of the proteolysis occurring in the mixed cultures may have been caused by the combined actions of a number of bacteria. From the results of previous experiments, in which it was found that only a proportion of morphologically similar types were proteolytic, it would be expected that no general correlation would be found between the types of bacteria growing and the morphological forms, but the small Gram-positive cocci, and Gram-negative coccobacilli seemed generally to be present, as did the Gram-negative curved rod types.
